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Abstract 
 
The complex issues concerning the water contamination of natural gas are treated in this paper from multiple 
perspectives. First of all, issues concerning the basic concepts of the approached issue are presented. Also, details 
regarding the mechanism of the contamination of the natural gases with water, in deposits, are discussed, with accent on 
the water salinity. Mechanisms concerning particularly issues connected to intimate aspects of interstitial water are 
emphasized. These above mentioned aspects are represented by the details regarding the dew point of water and process 
of water vapors condensation, and not at least, by the complex problem of the solidification of the water vapors, within 
the system of contamination of natural gases, and cryohydrate discussions. 
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1. General considerations 
 
In the hydrocarbon deposits, the granules from 
which, the rocks are formed, are covered by a film of 
water adsorbed at their surface. The water may be 
found in capillary channels, forming concave 
meniscus. The amount of water is not constant at any 
point of the deposit, being higher towards the limit 
water – gas, and lower towards the center of the 
structure. The gas from the reservoir is in permanent 
contact with pore water or with free water [4]. 
Before starting the deposit exploitation, the 
system gas - water is in balance, while the gas is 
saturated with water vapor. 
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During the operation of a gas structure, the 
temperature remains constant and equal to the initial 
temperature of the deposit, during the entire 
operation. The pressure decreases continuously 
according to the deposit regimen, and the amount of 
gas extracted. The pressure reduction causes loss of 
balance between gas and water, while the gases 
become unsaturated. In conditions of the presented 
balance, some part of the water available in the layer 
is evaporated, and this produces a further gas 
saturation.  
Since the pore water and mobile water are in 
sufficient quantities and because the pressure drop 
occurs during entire period of the operation 
development, the process of the water evaporation is 
continuous [7]. As a consequence of the phenomenon 
described above, in the conditions of temperature and 
pressure existing in the reservoir, the natural gases 
from the reservoir are practically saturated with water 
vapor throughout the operation duration. 
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The minimum amount of water entrained by 
the natural gases at a certain temperature, is given by 
the vapor pressure of water at that temperature in 
given gas mixture. Typically, the amount of water 
involved is higher than the minimum value, because 
the gases in their flow process may mechanically 
bring with them additional quantities of water 
compared to equilibrium quantities of water. The 
additional water quantities depend on gas flow 
regime. At high flow speeds, at higher values of 
Reynolds (Re), respectively, the quantities of water 
involved are also higher [7]. 
 
2. The mechanism of the contamination of the 
natural gases with water, in deposits 
 
The natural gases, during the extraction 
process also bring with them substantial amounts of 
saline waters. The salinity may vary from a few 
grams/liter to over 100 grams/liter. When for 
stimulating the extraction process, foam-generating 
sticks are used, the water quantities involved are 
considerably larger. By foam-generating sticks, one 
can understand substances that introduced in probe, 
lead to foaming liquids, facilitating removal of water 
plugs that may block the gas extraction process [3]. 
Taking into consideration the presence of 
water in the gas immediately after extraction, gas 
should be subjected to drying processes, by which 
some of the water is removed, so at the entry into 
driving transport the gases contain smaller amounts 
of water, and they are no longer saturated with water 
vapor. The drying of the natural gas means partial or 
almost complete removal of water vapor from them. 
Since the gas is always submitted to a drying 
process after extraction, condensed water deposits 
cannot be found in transport pipelines [7]. By 
lowering the temperature and pressure along the 
transport pipeline, it is possible that gas will become 
again saturated with water vapor, which can begin to 
condense. The process of water vapor condensation 
is favored by decreasing of the temperature and 
increasing of the pressure. 
In order to avoid the water vapor condensation 
in pipelines, they are provided with their own 
systems of natural gas drying, other than those 
located downstream the extraction, and upstream the 
transport systems.The natural gas, as well as 
associated gases, have a certain water content in the 
form of droplets or vapors, having usually the limit 
of 4 g/m3 [7]. 
 
3. The water vapors condensing. The dew point 
 
The item that characterizes the degree of 
drying of natural gas is the dew point, which is 
separately expressed for the water and for the 
hydrocarbons. By the dew point of the gases, it is 
meant their temperature of saturation with water 
vapor in the conditions of maintaining constant the 
absolute humidity, the temperature at which the first 
drops of water appear, respectively, when the gas 
cooling process is developed, with constant 
maintenance of the absolute humidity [1]. 
The natural gases, introduced in pipelines, in 
the winter months, have a temperature that generally 
is over the soil temperature at the depth of the buried 
pipeline. 
Because of the difference of the temperature, 
heat exchange occurs from the pipe to the ground, 
resulting in continuous decrease of the gas 
temperature, until this temperature reaches the same 
value as the soil temperature, at the soil level where 
the pipeline is positioned. 
The time of liquid form occurrence is 
identified in literature, as the moment when water 
vapor from the mixture creates the first liquid drop in 
the pipe. 
In natural gases area of expertise, the dew 
point is an important quality parameter, and, 
according to the contractual specifications, it must be 
calculated along the supply chain, from producer to 
final consumers (at the levels of the transmission and 
distribution companies). 
The dew point of the hydrocarbon from the 
natural gases must be monitored accurately, in order 
to be able to maintain the integrity and quality of 
natural gas [7]. 
In a pipeline destined for gas transporting, the 
moisture content in state of saturation of the mixture 
gas - water vapor, may be determined for each point 
of the route, where gas pressure and temperature are 
known. Knowing the curve of variation of the 
moisture content of the gas in saturation state, on the 
length of the pipeline, as well as the actual moisture 
content of the natural gas in the initial point of the 
pipeline, one may determine the area where water 
vapor can condense in the pipeline, as well as the 
point where this condensation stops, and where the 
mixture gas - water vapor becomes unsaturated, or 
overheated, and free water from the pipeline may 
evaporate. In other words, one may determine the 
area where the dew point is reached, and the area 
where problems, caused by the condensation of water 
vapor and the emergence of free water, occur. 
The ideal conditions of safe operation of the 
natural gas pipelines are those in which the dew point 
temperature falls below the actual temperature of the 
gas, by the entire length of the route. 
In order to avoid the water condensation on the 
whole route of a pipeline, the gas should be 
introduced in the pipeline, and gas must have a 
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limited initial moisture. In this way, the conditions of 
the gas condensation are avoided. 
The literature shows that, besides the actual 
submission of water in a pipeline destined for natural 
gas transport, there is also known the danger of 
forming, on the inner wall, by the phenomenon of 
absorption, of a thin film of condensed water, even 
when the temperature of the dew point is under the 
actual value of the temperature of the carrier gas. 
According to Grigorescu and Iung, the 
phenomenon of the water absorption on the inner 
wall of the pipeline may generally produce, if relative 
humidity of the natural gas in the pipeline is over 
75% [4]. 
 
4. The solidification of the water vapors. The 
cryohydrates 
 
Many times, when the transport of gas is 
performed through large pipelines, it was very often 
found the forming, at high pressures and low 
temperatures (even above 0°C), of some solid plugs 
causing pipelines clogging. At first, their forming 
was attributed to the freezing of the liquid water. 
Subsequently, Hammerschmidt, has proved since 
1934 that solid plugs were hydrocarbons 
cryohydrates [5]. 
The hydrocarbon hydrates, or cryohydrates, 
are white, crystallized substances, similar to snow or 
ice, with structure of cell type, which is formed by 
the interaction of water vapor and gaseous 
hydrocarbons in the presence of free water under 
certain conditions of pressure (high) and temperature 
(small). 
The cryohydrates of the light hydrocarbons are 
crystalized substances with density of 880 – 900 
kg/m3, formed of a hydrocarbon molecule, and 6 – 7 
water molecules. The following substances were 
identified: cryohydrate of methane (CH4) with 6 
water molecules, of ethane (C2H6) with 7 water 
molecules, of propane (C3H8) with 7 water 
molecules, and butane (C4H10) with 7 water 
molecules [6]. 
The cryohydrates burn, and as result of this 
process, liquid water results as residual [4]. 
Two different cryohydrates structures are 
known, as follows [7]: 
 a structure, which corresponds to the 
products with small molecules, where water 
molecules integrally occupy the empty 
spaces from the cryohydrates structure, and 
5.75 water molecules correspond to one gas 
molecule; 
 a structure made up of compounds with bigger 
molecules, whose empty spaces are not 
integrally occupied by water molecules, and 17 
water molecules correspond to one gas 
molecule. 
The main conditions of cryohydrates forming 
process depend on: pressure, temperature, moisture, 
and presence of free water. 
There also are secondary conditions for 
cryohydrates forming, as [7]: 
 H2S presence, 
 the presence of the mercaptan in gases, 
 high gas velocity, 
 movement nebulosity, 
 sudden changes of pipeline direction and 
section, 
 the factors contributing to the mixture of the 
gas flow in pipelines. 
According to some authors, the prerequisite for 
cryohydrates synthesis is the presence of the 
saturated water vapors (at the dew point), because 
only then the condensation may occur, and 
cryohydrates synthesis is possible only in the 
presence of the liquid water. 
The point at which gaseous hydrates begin to 
solidify and cause problems, depends on the 
temperature, pressure, gas composition and water 
content. A high pressure gas transport system, 
hydrates can form easily even at relatively high 
temperatures (around or even above 20°C). 
If the gas contains water vapors, the minimum 
temperature of the pipeline must be maintained above 
the point of the hydrates formation, or by reducing 
the water content, the dew point of the gas mixture 
must be lowered below the lowest temperature of the 
transmission system [2]. 
Cryohydrate formation on the pipelines and 
their clogging occur especially toward the end of 
winter and early spring, for the following reasons [7]: 
 low soil temperatures may be encountered 
even after winter ending; 
 slow cryohydrates accumulation during 
winter; 
 soil begins to warm in early spring, and higher 
temperatures may determine the cryohydrates 
detaching from the pipelines walls, and their 
accumulation inn certain points as stoppers 
that may produce the pipeline clogging. 
The cryohydrates may easily form inside the 
closing devices, where the decreasing the flow path 
determine the decrease of the pressure without 
performing mechanical work (isenthalpic expansion) 
and the process is accompanied by the gas cooling, 
which allows the emergence of free water by 
condensing water vapors from the natural gases. 
The cryohydrates may occur in the natural gas 
wells downstream of a portion strangled, in columns 
of extraction pipes, in areas where deposits in the 
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form of plugs inside tubing occur, in the flow head, 
in eruption head, after the nozzle of the eruption head, 
or inside the supply or transport pipelines, in points 
where partially open valves or bottlenecks of the 
pipelines occur. 
The small additions of ethane or propane to 
methane, greatly reduces the pressure required to 
form the pure methane cryohydrates, and favors their 
formation at higher temperatures. 
The mechanism of the formation of the 
hydrates include several phases, such as: saturation 
of the gas with the water vapors, the occurrence of 
the dew point, the condensation, the water separation 
and deposition,  water accumulation in particular 
zones, priming the crystallization and the 
crystallization under certain conditions of 
temperature and pressure, which it means the hydrate 
formation. 
For each gaseous hydrocarbon, the formation 
conditions are different. If the moisture content of the 
gases is reduced to a value at which the water vapor 
partial tension is lower than the tension of the vapor 
hydrates, they can no longer exist [7]. 
In the gaseous hydrocarbon hydrates, the 
empty spaces of the crystallographic network are 
filled. The smallest spaces are filled with gas with 
small molecules such as hydrogen, nitrogen, carbon 
dioxide, etc. and the large ones with liquid substances 
as propane, butane, etc.  
By inclusion of such substances, the 
cryohydrates stability is enhanced, which means that 
the decomposition temperature of cryohydrates with 
the gas inclusions is higher than that of the pure 
cryohydrates. 
Numerous gaseous compounds, which may 
form cryohydrates, are known. In this respect, we 
may mention some noble gases, the halogens, 
halogenated hydrocarbons and some hydrocarbons. 
Besides of the cryohydrates of the unsaturated 
hydrocarbons, such as ethene, acetylene, etc., there 
are also known methane, ethane, propane, and 
isopropanol cryohydrates.  
Normal-butane does not form alone 
cryohydrates, but only in mixtures with other 
compounds with smaller molecules, whereas the 
higher homologues does not form cryohydrate [7]. 
The lower alkanes in gaseous or liquid phase, 
together with liquid or solid water, form substances, 
which are similar to the wet snow, at temperatures 
and pressures at which, water alone does not solidify. 
These substances have a crystalline structure, being 
composed mostly of water molecules, while the 
hydrocarbon molecules occupy the empty spaces 
from the water network. 
The formation of the cryohydrates is of 
physical nature, and chemical bonds between 
hydrocarbons and water are weak. Recent studies 
using the nuclear magnetic resonance spectra, and 
dielectric adsorption spectra techniques, showed that 
hydrocarbon molecules rotate freely in the spaces of 
the crystal network. The crystalline network of the 
cryohydrates differs from that of ice; moreover, it 
would not permit the inclusion of hydrocarbon 
molecules larger than the existing space in its 
crystalline network. 
The substances, which form the cryohydrates, 
are poor soluble in water. For this reason, alcohol, 
acids and ammonia do not form cryohydrates, and for 
this reason, they could be used for breaking down the 
already formed cryohydrates, or for avoiding their 
synthesis [7]. 
 
5. Conclusion 
 
The water contamination of natural gas regards 
a series of particularities, which regard the 
mechanism involved in identification of natural gas 
contamination, to those regarding the concerned 
details. Thus, in analyzing his issue ne have to start 
from the premise that natural gases from deposits are 
in continuous contact with water, whatever its 
location.  
One of the critical issues concerning gas 
contamination with waters concerns the interaction of 
natural gas with water, in deposits, also taking into 
account the water salinity, and technologies of gas 
extraction and water removal.  
The importance of the dew point and 
cryohydrates formation in water removal from 
natural gas is an issue of first importance that must be 
taken into consideration if analyzing the mechanism 
of natural gases purification.  
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